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FOREWORD

his report is provided as input for the overall Department of De-
fense net assessment study of U.S. and Soviet tank crew training. It
will be incorporated into Chapter 2 of the MASSTER report “Assessment
of Tank Crew Training” as Section 2—3b(4). To facilitate incorporation
without additional revisions, the pdragraphs and figures have been nuts—
bered as they will appear in the final MASSTER report.j(e.g ., the f i r s t
figure in this report is designa ted as Figure 2—l3,~~~~ther than Figure 1,
since it wi’~l be the thirteenth figure of Chapte~,.~~ in the MASSTER re-
port; the first paragraph is designated ~ b~41~ since that will be its
corresponding paragraph number the1~~SSTER report). Øe~~~-rif tho~.-~~—
s~~~~ k—.r~e ~~~~~~~ ~~Lidl..1prr5 R b ~~~~~h As t~~~~~j sd~~~- &1sLr ~~ct

~M~e—19—-~ tc OO1T. his report consists of a description of the experi-
mental crews in terms of their overall gunnery qualification scores , and
a presentation of the analyses of company tank crew data across a vari-
ety of variables using several different analytical methodologies.

pO~EPH IDNER

~~‘chnical Director (Designate)
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AN ANALYSIS OF COMPANY TANK CREW GUNNERY SCORE S

BRIEF

Requi rement:

This report was prepared in response to a request by the Training
Developments Branch of the Operations and Plans Division , HQ MAS STER ,
Fort Hood, Texas. The research was designed to fulfill a requirement
for the collection , analysis and reporting of tank crew gunnery score
data. The research was required as input to the TRADOC report Net
Assessment of U.S. and Soviet Tank Crew Training . The objectiv~~

’as to
provide an initial t~i~k crew t~~Tii’ing data base and an analysis of thisdata base to provide information relating to differences in gunnery per-
formance as a function of company effects when training was held constant.

Procedure:

Tank crews of three companies of a 1st Cavalry Division M6OA1 tank
battalion received a standardized gunnery training program. Table VII I
gunnery data for these tank crews was then collected. Main gun gunnery
scores were compared (analysis of variance) for the tank companies for
both day and night firings , and for both number of hits and firing times
required .

Principal Findings:

• Companies receiving standardized gunnery training programs dif-
fered significantly (p < .01) from each other in mean number of targets
hit by tank crews on Table VIII qualification firings .

• Companies receiving standardized gunnery training programs dif-
fered signifi cantly (p < .001) from each other in tank crew mean firing
times on Table VIII qualification firings .

• When tank crew gunnery training was standardized and held
constant across companies , the mean tank crew gunnery performance of
compan ies differed si gnificantly from each other as a function of company
effects. The precise nature of these effects is not known and should
be the basis for further research.

Uti lization of Findings :

These findings will be incorporated into the TRADOC report Net
Assessment of U.S. and Soviet Tank Crew Trainj~g and will be useTis a
basis for the design of follow-on research. 

- -~~ . ~~~~~
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AN ANALYSIS OF COMPANY TANK CREW GUNNERY SCORES

*2..3b(4) A profile by average score and points lost is shown in figure

2—13. The average scores are for the 53 tank crews who completed both day

and night qual ification firing; or.e crew was disqualified during the day

run and the partial score was not included in all subsequent analyses. For

the test battalion , 41 crews qualifi ed (21 distinguished) and 13 crews were

unqualified , based upon the total scores of both day and night, as the

criterion for qualification , only 25 crews qualified (21 distinguish ed)

and 29 crews were unqualified . Of those crews failing to qualify under

this criterion , 75.86 percent were unqual i fied on VIII A and 51.72 percent

were unqual i f i~ed on VIII B. Only 8 crews failed to qualify for both day

and night qualification tables . Within the battalion , there was little

correlation between day and night scores (r =.35), and high correlation

(as expected) between day and total scores Cr =.77) and night and total

scores (r =.87). This analysis indicates that for this unit, the night

scores were a better indicator of each individual crew’s overall per-

formance. The average points lost reflect the increased importance

placed by the battalion on speed and accuracy for all engagements. The

total points received versus a time scale for all main gun and machinegun

engagements, day and night, is shown in figure 2-14. The increased

allowable times for night engagements significantly lowered the average

points cut (—51 percent), whereas accuracy and crew duty points lost

remained stable or had minimal effect on total scores. The profiles

*For expl anation of paragraph numbering rationale in this report, see
FOREW RD.

1
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Ave rage
Score points lost

iiax ~1in Avera ge Time Accurac y Crew butv

IOTAL (120 0) (840) (510) (550) (140)

923 91 176 10
A 992 66 130 . 12
a • 828 108 254 10
c 933 - 107 151 9
H 1040 40 116 . 4
Top 6 tan ks - .111 8 - . 24 52 . 6
Dot~tom 6 tanks 662 193 319 26

~~~ 
(550 ) (385) (230) (250) (io)

Bn . 400 . 61. 87 - 2
A 440 4O~~ 68 2

340 72 135 3
C . 417 73 58 2
Ii 429 40 81 0
Top 6 tanks 499 . 19 31 1
t3ottom 6 tanks 276 105 165 4

~~~~ (650) (455) . - . . (280) (300) . (70)

Bn 523 30 89 8
A 552 . 26 62 .10
0 - 488 - 36 119 7
C . 516 34 - . 93 7
H . - 611 0 35 4
Top 6 tanks . 619 5 21 - 5
Botton 6 tanks . .. . 386 . 88 154 ~2

Figure 2-13 (U). Profile by average score and pothts lost (U).

2
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POINI/ARtA MG S u h ~~~ or~ tic.

20 Point Scale 10 Point Scale

(u tgh t) 10 15 — seconds - — 20 (NIght) 10 15 - seconds - — 20

(Day) 5 10 15 . (Day) c 10 1
6 7 8 9 11 12 13 14 6 7 8 9 11 12 13 14

HH 1W + HFHH
19 1B )7 16 12 9 6 3 9 8 6 4  2 1

20 l5-— - p olnts 0 10 7----points 

Battle sig ht Day (flight) 
.

8 70 45 . o POIIITS

78 76 74 72 65 60 55 50 ~0 30 20 10
- 6 7 8 9  iTfl2 13 14 T6~1YT6 T9 -

(Day) 5 10 15 20 SECO IDS

(f l i ght )10 20 25 
-

Precision Engayenient Day . C~ignt)
80 70 50 ~0 PT3

78 76 74 72 66 62 58 54 1 46 42 38 34 24 18 12 6
14 16 17 T~~~l 

~
ij2I ~~~~~~~~~~~~~~~~~~~~~~~~~~

(Day) 10 15 20 ‘ . 25 30 SEC

- 
(Nig ht)lS 20 . 2~ 30 35

Figure 2-14 (U). Points ve—sus tin~ scale used during tank gunnery qualification firing (Ii)

3
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1 2 3 4 5 6 7 :8 9 Total Total +

_____________ — Jwl.Qj xe rc i se
PossIble 50 100 100 50 50 (103) 100 50 50 650 5~0

48 55 68 46 47 (21) 40 47 48 420 399

A . 47 63 88 44 48 (28) 54 50 47 469 441

B 48 42 36 45 46 (22) 29 47 49 3~4 342

C 50 53 79 47 49 (14) 4~ 45 49 431 417

ii 44 100 86 50 50 (18) 0 50 49 447 429

Top 6 Tanks 47 77 94 46 50 (68) 76 50 46 554 486

Bottom 6 46 15 18 43 49 (0) 20 . 49 46 286 286
Tanks

w/o exercise 6 Day (4 of the original 6 tanks in each group changed)

Top 6 Tanks 48 72 94 45 48 — .94 50 49 500

Bottom 6
Tanks 47 18 2 43 49 - 28 44 46 277

Figure 2-15 (U). Profile by firing exercise (day) (U).

1 2 3 4 5 6 7 8 9 Total

Possible 50 100 100 103 50 50 103 50 50 650

Bn 48 81 81 71 47 48 51 47 48 522

A 48 90 88 74 44 47 69 46 45 551

8 48 66 75 60 48 49 45 48 49 488

C 48 85 80 49 48 35 46 49 515

Ii 43 99 87 100 50 50 85 47 50 611

Top 6 Tan ks 50 100 97 90 49 48 97 50 44 625

Bottom 6
Tanks 48 30 62 37 38 42 18 46 39 360

w/o exercIse 6 Day (4 of the original 6 tanks In each group changed)

Top 6 Tanks 50 100 93 89 49 48 93. 50 47 6)9

BOttom 6
Tanks 47 5~ 68 41 40 43 10 47 41 367

FIgure 2-16 (u). Profile by firing exercise (night) (U).
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of average scores by firing exercises , both day and night , are reflected

in Figure 2-15 and 2-16 , respectively. The main gun targets had the

greatest impact on total scores . During day qualification , ~ average of

54.3 percent of the total possible main gun target points were received on

exercises 2, 3, and 7; while at night , an average of 71 percent of the

total possible main gun target points were received on exercises 2, 3, 4,

and 7. For all machir iegun targets , average of 94.4 percent of th~ day

and 95.2 percent of the night total possibl e points were received .

Additional statistical analysis of gunnery data for the test battalion is

discussed in detail as follows:

(a) The company tank crew gunnery scores for the subcaliber targets

and main gun targets 2, 3, and 7 were analyzed in an analysis of variance .

The moving target engagements (exercise 6 day and 4 night ) were excluded

from this analysis. A summary of the results are presented in Figure 2-’17.

The main effect (difference between companies) was statistically significant

[F( 2, 48) = 7.83, p < .01;]. The main effect of Table VIII was also si gnificant

[F(l , 48) = 15.52, p < .001], while the interaction effect of companies and

Tabl e VII I was not significant. A Tukey ’ s (HSD) Test of the difference

between companies indicated that gunnery scores for Company B, 767, were

significantly less (p < .01) than gunnery scores for both Company A , 917,

and Company C, 859. These scores are presented in Figure 2-18. The

Table VI II  gu nnery scores for Compan ies A, B, and C for Table VIII B, 449,

were significantly greater than their gunnery scores for Table VIII A, 399.

(b) A summary of the analysis of variance for hits on main gun targets 
-

for tank crews is presented in Figure 2-19. The results indicate that the main

effects of companies F(2, 48) = 3.40, p < .05, and Table VIII F(2, 48) = 61.10,

_ _
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p <.001, were statistically significant , while the interaction effect of

companies and Table VII I was not si gnificant. A Tukey ’s (IISD) Test of

the companies ’ main effect indicated that the average number of main gun

target hits for the tank crews in Company B, which was 8.71, was S1~ nificantly

less , p <.01, tnan the average number of hits for the tank crews in

Company A, which was 10.82. A total possible score was 16. The company

scores are presented graph i cally in figure 2—20. The main effect for

• Table VIII ind icated that the average number~ ~f main gun hits for each 
+

• tank crew on Table VIII B (night), which was 5. 86, was significantly

greater than the average number of hits obtained on Table VI II A (day),

which was 3.90. - + - + - +

(c) The amount of mu tual interrel ationship between gunnery~ Scores

and number of main gun target hits (accuracy score) was estimated by

comput in g the coefficient of corre lation between the scores of the two

variabl es. The results produced a value of r 0.8446 which is a highly

positive correlation that is statistically significant at the .001 level +

of confidence. The coefficient of determinat ion r2 = 0.7133 indi:ates

that 71 percent of the gu~ ier~~score is determ in ed by the value of the

corresponding target accuracy score. Thus the two scores are highly +

similar and seem to be equivalent measures of the same performance. A

grap hic i l l u s tra tion of the correl ati on -is presented in figure 2-21 . 
-

The regression line in figure 2—21 shows that a small gunnery score will

be associated wi th a small accuracy score while a large gunnery score

• 
• will be associa ted with a large accuracy score. . I

(d) The firing times on the main gun targets 2, 3, and 7 for the

company tank crews were calcula ted and analyzed as follows. The firing

. 9
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Total number of target hits on Table VIII (A and B)

Figu re ~-~1 (U). Correlation between total number of main gun target hits on Table V III
+ 

(A and 8) and total gunnery scores (r= .845~ ~<~°°1~ 
(U).
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t ime for the f i rs t round was calcula ted by mea su ri ng the elapsed time

between the time at target identification and the time when the first

round was f i r ed . The firing time for the second round was calculated by

measuring the elapsed time between the time when the first round was 
+

fired and the time when the second round was fired . The firing times

were analyzed in a three-factor analysis of variance measuring the +

effects of companies , Table VIII (day versus night), and rounds (first +

and second) on average firing time. Figure 2-22 presents a summary of

the results . The results indicate that statistically signi ficant main

effects were companies F(2,48) = 8.77, p .<.00l; Thble VIII F(l ,48) = 
.

46.38, 
~<~

001
~ 

and rounds F(l , 48)= 55.14, p <.001. Statistically

sign ificant interaction effects were companies and Table VIII F(2, 48) =

3.63 , p <.05; and companies and rounds F(2, 48) = 5.35, p <.01. The

overall mean (average) firing times for the companies are presented in

figure 2-23(A). A Tukey ’s (HSU) Test of tne companies mai n effect

indicated that the mean firing times for Companies A and C were significantly

faster than the mean firing time for Company B.

- ~(A) Co~iipan ies 
- + 

- 

- 

+

+ . Company . - +  Mean (average) firing time 
• 

+ -

+ A -  8.20 seconds - - - 
-

• 
+ C 8.71 secon ds

• 
- 

. + . 8 + - .  + 10.40 seconds + . 

. 

+ - 

+

-
• ~ • (B) Ta le V I I I  

• 

+

.Me~an f i r in g time 
+ +

Table VI LL A - - - • 
+

• .. , . • (day) - 7.75 seconds -

• - Table VIII B 
• • - -. - . +

- 
- 

(Night) 10.45 seconds~

+ Figure 2-23 (cont) (tJ). Mean firing scores for the main effects (11).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 13- -
+
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+ 
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(C) Main gun rounds + 

-

Mean firing time
1st round 7.49 seconds
2d round 10.71 seconds

Figure 2-23 (cont) (u). Mean firing scores for the main effects (Ii).

Figure 2-23(B) presents the mean firing times for all tank crews on Table

+ VIII A and Table VIII B. The values indicate that the mean firing time

for the tank crews was significantly faster duri ng th~ day course than

durin g the night course. Figure 2—23(C) presents the mean firing times

for all tank crews on the first round and second round for all targets

day and nigh t . Th~ values indicate that the tank crews fired the first

round significantly faster than the second round . The companies and Table

VIII interaction was analyzed by a Tukey ’s (HSD) Test and the mean

scores are presented in figure 2-24. 
-

Table VIII
Company A (day) B ‘(night).

A 7.38 seconds 9.02 seconds -

B - 9.25 seconds • 11.55 seconds
C 6.63 seconds 10.78 seconds

Figure 2—24 (Ii). Companies and Table VIII interaction mean firing times (U).

The resul ts revealed that, for a wi thin-company comparison , the mean

firing times for Companies B and C were significantly faster during the .

day than during the night (p < .01), while there was no significant

difference in the mean firng scores for Company A. Between-company comparisons

revealed that tne mean firing time for Company C during the day, 6.63

seconds , was significant ly faster than the mean firing time for Company

B during the day , 9.25 seconds (p <.01). The companies and rounds

Interaction was analyzed by a Tukey’s (IISD) Test and the mean firing scores
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are presented in figure 2-25. • 

• 
+

• Rounds .

Company 1st Round + 2d Round

A 5.58 seconds 10.82 seconds
B 9.24 seconds • 11.75 seconds

7.65 seconds 9.77 seconds

• Figure 2-25 (U). Companies and rounds interaction mean firing times (U). 
+

Analysis of the with in—company comparisons revealed that the mean firing

times (day and night) for Companies A and B for the fIrst round was

signif i can tly fas ter than their mean f i r i n g  times for the second roun d

• ~~~~~~~ 
while there was no significant difference between the mean

firing times for Company C on the first and second round. Between—

company comparisons revealed that the mean firing time for Company A on

the first round , 5.5R seconds, was significantly faster than2the Ir~eaci

f i r in g time for Com pany B on the f i rs t roun d , 9.24 seconds (p.<.0l).

(e) The relationshi p between firing times and accuracy scores

• (percent of target hit-s) was estimated by computing a point-biserial

coefficien t of correlation between the measures for each target on

Table VIII A and Table VIII B for a total of 14 comparisons . None of

the 14 point-b iserial correlation values were statistically significant.

The results ind icated that main gun accuracy - for the first and second

rounds is not influenc ed by firing time . Figures 2-26 and 2-27 present

plots of accuracy scores for firing times at 2 second time intervals.

The functions are basically flat across the firing times falling in the

general area of 70 to 80 percent accuracy. Thus the plots show that •

main gun accuracy remained about 70 to 80 percent regardlcss of what

the firing time was; 1.5 to 17.5 seconds. Qne interpretation of these
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results is that the variation in firing time for the first round is due

to crew differences in the times required for the gunner to acquire the

targets in his sights after target detecti6n by the tank commander. The

va riation in firing time for the second round represents crew

differences in the time required for the loader to reload the main gun.

• Therefore , gunnery accuracy would not necessari ly be directly affected

by differences in target acqu isit ion and ranging, and reloading times.

(f) The mean gunnery scores and r~ean firing times for the companies

were compared and a re presented in f igure 2-28. +

Companies Mean Gunnery Score Mean Firing Time

A 992 8.20 seconds
C 

- 
933 • 8.71 seconds

B 828 10.40 seconds

Figure 2— 28 (U). Mean gunnery and firing time scores (U). -

The comparison presents evidence that a positive relation may exist

between the scores and firing times . A faster firing rate is associated

with a hi gher gunnery score. Analysis of~ accuracy scores wi th firing

t imes , see section 2—3b(4)(e), indicated that slower firing times had no

effect upon accuracy. Therefore, f i r i ng time per formance mus t con tr ibu te

indirec tly to gunnery score by being considered as a measure of crew

performance in the sub—tasks involved in gunnery ; namely, the time

required for target acquisition by the gunner in the target hand off

task between the tank command er an d gunner , and the time requ i red for

the loader to reload the main gun.

18



(g) Summary. Tank crews of three companies of a 1st Cavalry

Division M6OA1 tank battalion received a standardized gunnery  tra ining

program. Table V III gunnery scores data for these tank crews was then

collected. Main gun scores were compared (analysis of variance ) for

the tank companies for both day and night firings , and for both number

of hits and fi ring times required. Companies differed significantly

from each other both for targets hit (p < .01) and for fi ring times

required (p < .001). Since training was standardized , these differences

are attributed to company effects . The precise nature of these effects

is not known and should be the basis for further research.
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